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Technical difficulties are encountered in work-
ing with cholinesterase histochemical methods.
Variables include type of fixation, pH and com-
position of the substrate, time of incubation, and
type and manner of application of the inhibiting
substances. There are differences in activity from
area to area within the same species and from
species to species. Most authors have agreed that
cholinesterase reactions represent a group of
enzyme activities, and it is difficult to speak of
specific chemical results in terms of the substrate.
Histologic results of value have been obtained by
individual workers recording observations of
the method of Gomori (3). Our technical experi-
ence with human skin has been reported elsewhere
(4). We found that inhibitors could be added to
the substrate. The inhibitors of Koelle were
retained and found to work well in the Gomori
method; 10 M, solution of dimethyl carbamate
of (2 - hydroxy - S - phenylbenzyl) - trimethylam-
monium bromide (NU-683) and 10 M solution
di-isopropyifluorophosphate (DFP) were the
inhibiting agents used routinely. The substrates
used were acetylthiocholine and butyrylthiocho-
line. The time of incubation was uniformly 4 hours,
although, when study of a new species was started,
sections were observed also at intervals of 2 and
TABLE I
Acetyithiocholinesterase reaction in the skin of various animals
* Activity graded 0 to 4+.
f No observation.
cholinesterase activity in many derrnal and
epidermal structures. This is a report of
experiences with one method in many animals in
an attempt to offer comparative data.
METHOD
The methods of Koelle (1), and of Coupland and
Holmes (2) have been used, but we preferred to use
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20 hours. The pH of the substrate was 6.0, and this
was buffered with phosphate to 5.0 when desired.
RESULTS
This comparative study demonstrated the
variability of the response of the nerve tissue in
the skin from one animal to another and
occasionally from region to region in the same
species. This may be seen in table I which deals
with specific cholinesterase. A certain amount of
specific cholinesterase activity occurred in
unusual locations, as in the sebaceous glands of
the rat. It should be remembered that nonspe-
cilic cholinesterase may act on acetylthiocholine
as we]l as on the butyrylthiocholine.
Animal Region NerveNetwork*
Neuromuscular
Endplates*
Sensory
Endorgan* Other Tissue
Dog Lip 1+ 3+ 4+
Dog Paw 1+ f 4+ Eccrine cells 4+
Guinea pig Lip 2+ 3+ t Tactile disk 4+
Capillaries 2+
Guinea pig Paw 2+ 3+ 2+ Capillaries 3+
Cat Lip 2+ 4+ 4+
Cat Paw 2+ 4+ 4+
Rabbit Lip 4+ 4+ 4+ Tactile disk 4+
Rat Lip 2+ 4+ 4+ Sebaceous glands 3+
Tactile disk 1+ (?)
Rat Paw 2+ 4+ 4+ Sebaceous glands 2+
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FIG. 1. The mammalian end-organ. a. In the papillary dermis of the dog's paw, the nonspecific cholin-
esterase activity is sharply limited (X 216). b. In the paw of the guinea pig a mild, specific cholinesterase
reaction is present (X 230).
Dog—The mammalian end-organ in the tissues
of the dog showed strong reaction for nonspecific
cholinesterase as based on inhibitor and sub-
strate studies. The neuromuscular end-plates
reacted to about the same degree for both
specific and nonspecific cholinesterase. The nerve
network reacted only mildly to acetyithiocholine
substrate and not at all to butyrylthiocholine
substrate.
When tissues from the dog incubated at pH 5
and at pH 6 were compared, it was found that the
reactions of the end-organ and the reactions of
the end-plate were positive and sharply localized
at pH 5 and there was also some diffusion at pH
6. The nerve network did not show a reaction at
the lower pH, but at pH 6 gave positive reactions.
The sharp localization of the nonspecific
cholinesterase reaction in the end-organ of the
dog's paw is shown in figure 1. The specific
cholinesterase reaction in the cells of the eccrine
glands is apparent in figure 2a. This cellular
cholinesterase activity differed from the cholines-
terase activity in eccrine structures in other
species that we have studied, as it was not
associated with a nerve network.
Guinea Pig—The end-organs and end-plates
gave positive reactions for nonspecific cholines-
terase at pH 6. The nerve networks were dis-
tinctly outlined with specific cholinesterase. In
figureib the mammalian sensory end-organ in the
paw of the guinea pig appears light colored with
specific cholinesterase. Figure 2b shows a nerve
with an associated network; the latter has
reacted positively for specific cholinesterase.
One would assume that this network was auto-
nomic in character in comparison with the
somatic sensory nerves contained in the nerve
trunk of the skin. The capillaries in tissue
from the guinea pig were also stained; this is an
additional indication of the lack of specificity of
the reaction. Marked epidermal accumulations
of specific cholinesterase were seen. These were in
the anticlinal position with relation to the hair
follicles and gave the appearance of the tactile
disk of Pinkus (fig. 2c).
Cat—The end-organs in the lip and paw of the
cat stained well with both substrates; and the
nerve networks reacted minimally to butyrylthio-
choline and moderately to acetylthiocholine. The
end-organs in the cat's lip and paw gave non-
specific cholinesterase reactions of grade 4 +
(fig. 2d and 3a). The inner bulb of the Vater-
N
 
CHOLINESTERASE IN SKIN OF VARIOUS ANIMALS 187
4e
J' 
.
/:*
i :1
 
2c
 
-
 
188 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
-
 
-
 
'-
-
-
-
 
—
 
—
 
.
.
—
_
>
-—
•'
- 
—
 
-
 
-
 
—
 
z 
-
 
-
T:
: .-
 
—
 
•
 
.
:.
::
 .
-
i 
tA
_;
 • 
-
 
—
 
•
•
•
 
-
,
 
-
 
-
 
-
' 
-
.
 
—
 
/ 
•
 
.
•
•
•
 
/ 
•
-
 
•
-
 
—
 
4t
. ;T
h:
 
4 
•
.g
 
-
a
--
 
rE
4 
I 
-
-
: 
T 
•
 
-
 
•
 2 
' 
-
-
 
C-
 
I/I
 
) 
CHOLINESTERASE IN SKIN OF VARIOUS ANIMALS 189
Pacini corpuscle of the cat paw (fig. 3b) and the
circular network of the hair follicle showed non-
specific cholinesterase reactions. The reaction of
the nerve endings was sharply defined in the cat.
Rabbit.—The nerve networks in the lip of the
rabbit were brilliantly positive for both sub-
strates; more strongly for the specific one. In
figure 3c the networks about the hair follicles are
clearly visible as are those in the dermis proper.
The end-plates showed a 4 + reaction. The cir-
cular network of the hair follicle was positive for
nonspecific cholinesterase. The tactile disks of
Pinkus were visible in the epidermis only with
acetylthiocholine substrate.
Rat.—The mammalian sensory end-organs and
end-plates in the rat's lip were markedly positive
and gave a well-localized nonspecific reaction.
The end-organs in the lip and paw also gave a 4 +
reaction with acetyithiocholine. The specific
reaction was much stronger than the nonspecific
reaction in the dermal nerves. The sebaceous
gland also showed a 3+ reaction for specific
cholinesterase and a 1 + reaction with nonspecific
cholinesterase indicating a degree of nonspecific-
ity. The nerve networks reacted strongly to
acetyithiocholine, and minimally to butyrylthio-
choline substrate. No specific tactile disks were
observed, but some specific cholinesterase accu-
mulation near the epidermis was observed occa-
Eionally. Intra-epithelial nerve fibers were seen in
the rat's paw which reacted to specific cholinester-
ase (fig. 3d).
COMMENT
The variability of reactions elicited by this
histochemical technic is well illustrated by the
data presented in this paper. Nowhere was this
great variation more visible than in the nerve
network. The nerve plexus of the dermis was
hardly visible in the dog, while it was clearly seen
in the rabbit and guinea pig. Some of this is
undoubtedly due to species differences, perhaps
in the enzymes of the nerve tissue. These enzymes
differ from the usual cholinesterase studied, as
shown by Loewenstein and Molins (5). We have
demonstrated that an optimal pH exists for some
species for the histologic demonstration of dermal
nerve networks. Diffusion of the enzyme may
occur from sites such as sensory end-organs and
neuromuscular end-plates at the same time that a
gratifying histologic result is achieved in the
nerve networks. It must he recognized that a
histologic result is not always histochemically
satisfactory.
Another evidence of species variability is the
marked reaction of the sebaceous glands in the
rat. The capillaries in the guinea pig showed
specific cholinesterase reaction, but this was the
only species in which this observation was made.
A fourth interesting species variation was the
cytoplasmic cholinesterase reaction in the
eccrine cells of the dog's paw. These abnormal
locations for cholinesterase activity suggest the
presence of other enzymes or that the enzyme in
cutaneous nerves which is capable of hydrolyzing
acetylthiocholine is less substrate specific or more
widely distributed than has been thought.
The neuromuscular end-plates were strongly
positive for cholinesterase in all species. Similarly,
the sensory end-organs in the lip and paw were all
strongly positive with the exception of those in
the paw of the guinea pig. In this animal a moder-
ate reaction in the end-organ in the paw occurred
together with the capillary reaction.
Another interesting and constant finding is the
specific cholinesterase activity of the tactile disk
(taastscheibe). Its presence in the rabbit and
guinea pig only further demonstrated species
differences. The presence of this nerve ending in
animals can no longer be disputed since it can be
described morphologically and enzymatically.
It appears that special sensory tissue in all
animals contains a concentration of cholinester-
ase. Hurley and Koelle (6) have demonstrated
that in man there is no overt relationship of sen-
sory function to cholinesterase activity. It is
interesting that both the autonomic nervous
system in the skin and the sensory tissue exhibit
cholinesterase activity. Whether the function of
this enzyme is vestigial or merely the expression of
a broadened enzymatic capacity of the nervous
tissue is not known. Studies such as those of
Loewenstein and Molins on the inner bulb of the
Vater-Pacini corpuscle will do much to clarify this
problem.
At present, the cholinesterase reactions are
principally histologic tools. They are a wonderful
means of assessing the quantity and surface
anatomy of specialized nerve endings in the skin.
They delineate the nerve networks of the somatic
sensory system and those of the autonomic system
in a satisfactory manner in many species. They
have allowed confirmation of the existence of the
tactile disk of Pinkus. They should continue to be
190 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
histologically useful even though their chemical
basis leaves much to be desired. The combination
of acetylthiocholine and butyrylthiocholine plus
specific inhibitors gives much information at
present, but from this comparative study it is
apparent that for each species new lines of
reference are needed and a critical examination of
all data is necessary.
sUMMARy
Cholinesterase activity is described in the skin
of the eat, dog, rabbit, guinea pig and rat. Non-
specific cholinesterase is concentrated in the
specialized mammalian sensory end-organ and
the inner bulb of the Vater-Pacini corpuscle. It is
found in dermal nerve networks in some species.
Specific cholinesterasc is found in the nerve net-
works about the hair follicles, as well as in the
autonomic nerve system. The tactile disk of
Pinkus is easily demonstrated in the guinea pig
and the rabbit by its specific cholincstcrase reac-
tion. In view of the species variability, for the
present, these reactions should be considered
histologic rather than histochemical tools.
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